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(54) [Title of the Invention] THIN FILM OF CHROMIUM-BASE ALLOY, 
MENUFACTURING METHOD THEREOF, AND STRAIN GAUGE 

(57) [Abstract] 

[Object] The object of the invention is to provide a thin film of a Cr-base alloy 
comprising Cr and desired sub-components, and having a gauge factor of 2 or more and a 
temperature coefficient of electric resistance of within (-3.5 to 3.5) x lO'V'C, and a method 
for manufacturing the same. Another object of the invention is to provide a strain gauge 
comprising the thin film of the alloy. 

[Construction] A thin film of a Cr-base alloy for a strain gauge having a gauge factor of 
2 or more and a temperature coefficient of electric resistance of within (-3.5 to 3.5) x 
lO^C, and comprising, in atomic %, Cr (a balance) as a principal component; 0.01 to 
50% of a combined amount of one or two or more elements of 5 % or less each of Ti, V, Nb, 
Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of Zn, Cu and Bi, 10 % or less 
each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and TI, 15 % or less each of Ru, Rh, Re, Os, Ir, 
Pt, Pd, Ag, Au and rare earth elements, and 20% or less each of Co, Be, Mg, Ca, Sr, Ba, 
Mn and Al as sub-components; and a small amount of impurities. 
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[Scope of Claims] 

[Claim 1] A thin film of a Cr-base alloy for a strain gauge having a gauge factor of 2 or 
more and a temperature coefficient of electric resistance of within (-3.5 to 3.5) x lO^C, 
and comprising, in atomic %, Cr (a balance) as a principal component; 0.01 to 50% of a 
combined amount of one or two or more elements of 5 % or less each of Ti, V, Nb, Ta, Ni, 
Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of Zn, Cu and Bi, 10 % or less each of Fe, 
Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15 % or less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, 
Au and rare earth elements, and 20% or less each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as 
sub-components; and a small amount of impurities. 

[Claim 2] A method for manufacturing a thin film of a Cr-base alloy for a strain gauge 
having a gauge factor of 2 or more and a temperature coefficient of electric resistance of 
within (-3.5 to 3.5) x lO'V'C, which comprises depositing the thin film on an insulation film 
formed on a conductive substrate or on an insulating substrate, by vapor deposition or 
sputtering, wherein said thin film comprises, in atomic %, Cr (a balance) as a principal 
component; 0.01 to 50 % of a combined amount of one or two or more elements of 5 % or 
less each of Ti, V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of Zn, Cu 
and Bi, 10 % or less each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15 % or less each 
of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and rare earth elements, and 20 % or less each of Co, 
Be, Mg, Ca, Sr, Ba, Mn and Al as sub-components; and a small amount of impurities. 
[Claim 3] A method for manufacturing a thin film of a Cr-base alloy for a strain gauge 
having a gauge factor of 2 or more and a temperature coefficient of electric resistance of 
within (-3.5 to 3.5) x lO^C, which comprises depositing the thin film on an insulation film 
formed on a conductive substrate or on an insulating substrate, by vapor deposition or 
sputtering, and cooling after heating at a temperature of 100°C or more and 1200°C or 
less in a non-oxidizing gas, reducing gas or vacuum, wherein said thin film comprises, in 
atomic %, Cr (a balance) as a principal component; 0.01 to 50% of a combined amount of 
one or two or more elements of 5% or less each of Ti, V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, 
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Se and Te, 8 % or less each of Zn, Cu and Bi, 10 % or less each of Fe, Mo, W, As, Sn, Sb, Pb, 
B, Ga, In and Tl, 15% or less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and rare earth 
elements, and 20 % or less each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as sub-components; 
and a small amount of impurities. 

[Claim 4] A strain gauge comprising a thin film of a Cr-base alloy having a gauge factor 
of 2 or more and a temperature coefficient of electric resistance of within (-3.5 to 3.5) x 
lO'Y'C on an insulation film formed on a conductive substrate or on an insulating 
substrate, said thin film comprising, in atomic %, Cr (a balance) as a principal 
component; 0.01 to 50% of a combined amount of one or two or more elements of 5% or 
less each of Ti, V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of Zn, Cu 
and Bi, 10 % or less each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15 % or less each 
of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and rare earth elements, and 20 % or less each of Co, 
Be, Mg, Ca, Sr, Ba, Mn and Al as sub-components; and a small amount of impurities. 
[Claim 5] A strain gauge having a metal electrode formed on or under a thin film of a 
Cr-base alloy having a gauge factor of 2 or more and a temperature coefficient of electric 
resistance of within (-3.5 to 3.5) x lO^C on an insulation film formed on a conductive 
substrate, or on an insulating substrate, said thin film comprising, in atomic %, Cr (a 
balance) as a principal component; 0.01 to 50% of a combined amount of one or two or 
more elements of 5 % or less each of Ti, V, Nb, Ta, Ni, Zr, Hf , Si, Ge, C, N, P, Se and Te, 8 % 
or less each of Zn, Cu and Bi, 10 % or less each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and 
Tl, 15 % or less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and rare earth elements, and 
20% or less each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as sub-components; and a small 
amount of impurities. 

[Claim 6] A strain gauge comprising a thin film of a Cr-base alloy having a gauge factor 
of 2 or more and a temperature coefficient of electric resistance of within (-3.5 to 3.5) x 
10^/°C by depositing the thin film on an insulation film formed on a conductive substrate, 
or on an insulating substrate, by vapor deposition or sputtering followed by cooling after 
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heating at a temperature of 100°C or more and 1200°C or less in a non-oxidizing gas, 
reducing gas or vacuum, said thin film comprising, in atomic %, Cr (a balance) as a 
principal component; 0.01 to 50% of a combined amount of one or two or more elements 
of 5 % or less each of Ti, V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of 
Zn, Cu and Bi, 10% or less each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15 % or 
less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and rare earth elements, and 20 % or less 
each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as sub-components; and a small amount of 
impurities. 

[Claim 7] A strain gauge haying a metal electrode formed on or under a thin film of a 
Cr-base alloy having a gauge factor of 2 or more and a temperature coefficient of electric 
resistance of within (-3.5 to 3.5) x lO^C on an insulation film formed on a conductive 
substrate, or on an insulating substrate, by vapor deposition or sputtering followed by 
cooling after heating at a temperature of 100°C or more and 1200°C or less in a 
non-oxidizing gas, reducing gas or vacuum, said thin film comprising, in atomic %, Cr (a 
balance) as a principal component; 0.01 to 50% of a combined amount of one or two or 
more elements of 5 % or less each of Ti, V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % 
or less each of Zn, Cu and Bi, 10 % or less each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and 
Tl, 15% or less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and rare earth elements, and 
20% or less each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as sub-components; and a small 
amount of impurities. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] The invention relates to a thin film of a Cr-base alloy 
comprising Cr (chromium) as a principal component, and 0.001 to 50% of a combined 
amount of one or two or more elements of Ti (titanium), V (vanadium), Nb (niobium), Ta 
(tantalum), Ni (nickel), Zr (zirconium), Hf (hafnium), Si (silicon), Ge (germanium), C 
(carbon), N (nitrogen), P (phosphorous), Se (selenium), Te (tellurium), Fe (iron), Mo 
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(molybdenum), W (tungsten), As (arsenic), Sn (tin), Sb (antimony), Pb (lead), Bi (bismuth), 
Al (aluminum), B (boron), Ga (gallium), In (indium), TI (thallium), Cu (copper), Zn (zinc), 
Mn (manganese), Ru (ruthenium), Rh (rhodium), Re (rhenium), Os (osmium), Ir (iridium), 
Pt (platinum), Pd (palladium), Ag (silver), Au (gold), rare earth elements, Co (cobalt), Be 
(beryllium), Mg (magnesium), Ca (calcium), Sr (strontium) and Ba (barium); a 
manufacturing method thereof; and a train gauge using the thin film of the alloy. The 
object of the invention is to provide the thin film of the alloy having a gauge factor of 2 or 
more and a temperature coefficient of electric resistance of within (-3.5 to 3.5) x lO'V'C. 
Another object of the invention is to provide a strain gauge comprising the thin film of the 
alloy. 
[0002] 

[Related Art] While the strain gauge takes advantage of a phenomenon in which electric 
resistance of a gauge material such as a fine wire or foil changes by elastic strain, it may be 
conversely used for measuring and converting a stress and strain by measuring a change 
of electric resistance. For example, this phenomenon is widely used for strain gauges, 
weighting level gauges, accelerometers and various mechanical quantity-electric variable 
converters in manufacturing industries, earth pressure gauges in civil engineering, 
pressure gauges and deflection gauges in building and energy-related industries, and 
various stress-strain gauges in aircraft, space, railway and shipping industries, as well as 
in civil life uses such as over-the-counter valances and security instruments. 
[0003] In the structure of the strain gauge, a metal fine wire (with a diameter of 10 to 30 
jim) or a metal foil (with a thickness of 3 to 5 jim) is disposed as a grid or rosette. The 
strain gauge is used by adhering it on a measuring object with an adhesive, and the strain 
generated in the measuring object is indirectly measured from the changes of the electric 
resistance of the gauge. The sensitivity of the strain gauge is usually given by the K-value 
defined in the following equation: 
[0004] 
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[Formula 1] 

Mil M/i 
[0005] R, a, p and 1 denote the total electric resistance, Poisson's ratio, specific electric 
resistivity and total length, respectively, of the gauge fine wire or foil. Since a in metals 
and alloys is usually about 0.3, the total value of the first term and second term in the right 
side of the above equation is a constant value of about 1.6. Accordingly, it is an essential 
condition that the third term is large for increasing the gauge factor. In other words, this 
condition depends on a large change of electroic structures of the material in the direction 
of length when a tensile deformation is given to the material to thereby increase the 
amount of change ? p/p of specific electric resistivity. 

[0006] Semiconductors such as carbon and germanium are known to have a large gauge 
factor. However, although the gauge factor is quite as large as 10 to 170 in these 
semiconductors, anisotropy and temperature variation of the value are also large to render 
the gauge factor unstable, while the mechanical strength of the material is poor. 
Therefore, these materials are only applied for specialized small scale pressure 
transducers. The most frequently used materials as the strain gauge materials today are 
Cu-Ni alloys. While these alloys are featured in small variation of characteristics against 
temperature changes due to their quite small temperature coefficient of electric resistance, 
they have a small gauge factor of 2 that makes them unsuitable as strain gauge materials. 
[0007] The strain gauge using alloy materials is used as a fine wire or foil as described 
above. However, characteristics of the strain gauge of a fine wire type are largely varied 
due to the effect of residual strain for forming a grid and the effect of adhesives used for 
adhering a processed fine wire to a substrate. In addition, since a special technique is 
required for forming the grid and for adhering the grid onto the substrate, production 
efficiency is poor to make the production cost expensive. While the strain gauge of the 
foil type does not suffer from strain by processing, the effect of the adhesive is the same as 
in the fine wire material. These problems are required to be solved. 
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[0008] 

[Problems to be Solved by the Invention] The application field of the strain gauge is 
increasing still more in accordance with the progress of microcomputers, and the strain 
gauge is being attempted to be more small size and to exhibit high performance. In 
particular, strain gauges capable of being used for pressure transducers and load cells that 
require high sensitivity and stability, as well as touch sensors and slip sensors of robot 
have been increasingly required. It is an urgent requirement to develop materials having 
high sensitivity and good stability for the strain gauge for these sensors, and to improve 
the manufacturing process thereof. 

[0009] The problem to be solved by the invention is to develop a thin film material 
having a gauge factor of exceeding 2 that is the gauge factor of commercially available 
strain gauges, and a small temperature coefficient of electric resistance that is desirable to 
be within (-3.5 to 3.5) x 10^/°C, and to develop the manufacturing process of the material. 
The object of the invention is concentrated on structurally stable metallic materials as the 
materials having high sensitivity and good stability, and the inventors have noticed Cr 
among these materials that have high gauge factors. 

[0010] A bulk (mass) of Cr has been known to have a strain sensitivity of electric 
resistance of quite as large as 26 to 28. However, since processing of Cr is quite difficult, 
it was hitherto impossible to use for fine wires or foils of the strain gauge. Accordingly, it 
may be devised to apply Cr to the strain gauge by forming into a thin film without any 
processing. The thin film of Cr has a gauge factor of as large as 14.8, although the value 
is not as large as the gauge factor of the bulk material. However, while it is essential that 
the rate of change of electric resistance at room temperature is small, the Cr thin film has 
a large negative temperature coefficient of electric resistance of -6 x lO'V'C, and is not 
suitable for use in the strain gauge with respect to stability. 

[0011] Accordingly, the object of the invention is to obtain a thin film for the strain 
gauge having a high sensitivity and being highly stable by reducing the temperature 
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coefficient of electric resistance while maintaining a high gauge factor of the Cr thin film 

as much as possible. 

[0012] 

[Means for Solving the Problems] It was noticed in the invention that the change of 
electric resistance is small in a minimum or maximum area of temperature variations of 
specific electric resistivity as shown in Fig. 1, and a method for shifting this region to room 
temperature was investigated. It has been known that the temperature at the Neel point 
(Neel temperature) of the bulk Cr shifts to a lower temperature side or higher temperature 
side by adding certain elements. Therefore, various elements as sub-components were 
added to Cr based on the idea that the maximum and minimum temperature changes of 
electric resistance are closely related to the Neel point, and the relationshipbetween the 
amount of addition of the sub-components and the maximum and minimum regions was 
intensively studied. As a result, it was made clear that the maximum or minimum region 
can be shifted to near room temperature by adding an appropriate amount of 
sub-components to Cr to thereby enable the temperature coefficient of electric resistance 
to be reduced at near room temperature. 

[0013] It was also made clear that, when the strain gauge is used at a temperature other 
than room temperature, a strain gauge having a small temperature coefficient of electric 
resistance in a desired temperature range could be provided by appropriately selecting the 
kind and amount of the elements added to Cr. 

[0014] Based on these discoveries and various experiments, it was found that a thin film 
of a Cr-base alloy for a strain gauge comprising, in atomic %, Cr (a balance) as a principal 
component; and 0.01 to 50% of a combined amount of one or two or more elements of 5% 
or less each of Ti, V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of Zn, 
Cu and Bi, 10% or less each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15% or less 
each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and rare earth elements, and 20% or less each of 
Co, Be, Mg, Ca, Sr, Ba, Mn and Al as sub-components; and a small amount of impurities, 
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and having a large gauge factor and a small temperature coefficient of electric resistance 
at near room temperature could be obtained, and that the thin film is suitable for the 
material of the high sensitivity strain gauge. 

[0015] For manufacturing of the thin film of the Cr-base alloy of the invention, a thin 
film with a desired shape and thickness is formed on an insulation film formed on a 
conductive substrate or on a insulating substrate using a mask formed by vapor deposition 
of the alloy comprising the compositions described above, by sputtering using an alloy 
target, a composite target or multi-component target capable of forming a thin film having 
the composition as described above, or by a vapor phase transport method capable of 
forming a thin film having the composition described above, followed by applying an 
etching process or a trimming process such as dry etching (plasma etching, sputter etching 
and the like), chemical etching (corroding method) or laser trimming method to form an 
element. A gauge pattern is formed, if necessary, for temperature compensation by 
disposing an element aligned perpendicular to the element above. The thin film may be 
directly used or, if necessary, an electrode is formed on the element. The thin film is 
heated, if necessary, at a temperature of 100°C or more and 200°C or less in the air, in a 
non-oxidative gas or in a reducing gas for an appropriate time, preferably for 1 second or 
more and 100 hours or less, followed by cooling at an appropriate rate, preferably 1 
°C/hour or more and 100 °C/min or less. Then, a thin film of the Cr-base alloy with a 
strain sensitivity of electric resistance (gauge factor) of 2 or more and a temperature 
coefficient of electric resistance of within (-3.5 to 3.5) x 10^/°C is obtained. 
[0016] First Invention 

A thin film of a Cr-base alloy for a strain gauge having a gauge factor of 2 or more and a 
temperature coefficient of electric resistance of within (-3.5 to 3.5) x 10^/°C, the thin film 
comprising, in atomic %, Cr (a balance) as a principal component; 0.01 to 50% of a 
combined amount of one or two or more elements of 5 % or less each of Ti, V, Nb, Ta, Ni, 
Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of Zn, Cu and Bi, 10 % or less each of Fe, 
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Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15 % or less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, 
Au and rare earth elements, and 20% or less each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as 
sub-components; and a small amount of impurities. 
[00171 Second Invention 

A method for manufacturing a thin film of a Cr-base alloy for a strain gauge having a 
gauge factor of 2 or more and a temperature coefficient of electric resistance of within 
(-3.5 to 3.5) x 10"7°C by depositing the thin film on an insulation film formed on a 
conductive substrate, or on an insulating substrate, by vapor deposition or sputtering, the 
thin film comprising, in atomic %, Cr (a balance) as a principal component; 0.01 to 50% 
of a combined amount of one or two or more elements of 5 % or less each of Ti, V, Nb, Ta, 
Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of Zn, Cu and Bi, 10 % or less each of 
Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15 % or less each of Ru, Rh, Re, Os, Ir, Pt, Pd, 
Ag, Au and rare earth elements, and 20 % or less each of Co, Be, Mg, Ca, Sr, Ba, Mn and 
Al as sub-components; and a small amount of impurities. 
[0018] Third Invention 

A method for manufacturing a thin film of a Cr-base alloy for a strain gauge having a 
gauge factor of 2 or more and a temperature coefficient of electric resistance of within 
(-3.5 to 3.5) x lO^C by depositing the thin film on an insulation film formed on a 
conductive substrate, or on an insulating substrate, by vapor deposition or sputtering 
followed by cooling after heating at a temperature of 100°C or more and 1200°C or less in 
a non-oxidizing gas, reducing gas or vacuum, the thin film comprising, in atomic %, Cr (a 
balance) as a principal component; 0.01 to 50 % of a combined amount of one or two or 
more elements of 5 % or less each of Ti, V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % 
or less each of Zn, Cu and Bi, 10% or less each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and 
Tl, 15 % or less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and rare earth elements, and 
20% or less each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as sub-components; and a small 
amount of impurities. 
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[0019] Fourth Invention 

A strain gauge comprising a thin film of a Cr-base alloy having a gauge factor of 2 or more 
and a temperature coefficient of electric resistance of within (-3.5 to 3.5) x 10^/°C on an 
insulation film formed on a conductive substrate, or on an insulating substrate, the thin 
film comprising, in atomic %,Cr (a balance) as a principal component; 0.01 to 50% of a 
combined amount of one or two or more elements of 5 % or less each of Ti, V, Nb, Ta, Ni, 
Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of Zn, Cu and Bi, 10 % or less each of Fe, 
Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15 % or less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, 
Au and rare earth elements, and 20 % or less each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as 
sub-components^and a small amount of impurities. 
[0020] Fifth Invention 

A strain gauge having a metal electrode formed on or under a thin film of a Cr-base alloy 
having a gauge factor of 2 or more and a temperature coefficient of electric resistance of 
within (-3.5 to 3.5) x lO'V'C on an insulation film formed on a conductive substrate, or on 
an insulating substrate, the thin film comprising, in atomic %, Cr (a balance) as a 
principal component; 0.01 to 50% of a combined amount of one or two or more elements 
of 5 % or less each of Ti, V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of 
Zn, Cu and Bi, 10 % or less each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15 % or 
less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and rare earth elements, and 20% or less 
each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as sub-components; and a small amount of 
impurities. 

[0021] Sixth Invention 

A strain gauge comprising a thin film of a Cr-base alloy having a gauge factor of 2 or more 
and a temperature coefficient of electric resistance of within (-3.5 to 3.5) x 10^/°C by 
depositing the thin film on an insulation film formed on a conductive substrate, or on an 
insulating substrate, by vapor deposition or sputtering followed by cooling after heating at 
a temperature of 100°C or more and 1200°C or less in a non-oxidizing gas, reducing gas or 
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vacuum, the thin film comprising, in atomic %, Cr (a balance) as a principal component; 
0.01 to 50 % of a combined amount of one or two or more elements of 5 % or less each of Ti, 
V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of Zn, Cu and Bi, 10 % or 
less each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15 % or less each of Ru, Rh, Re, 
Os, Ir, Pt, Pd, Ag, Au and rare earth elements, and 20 % or less each of Co, Be, Mg, Ca, Sr, 
Ba, Mn and Al as sub-components; and a small amount of impurities. 
[0022] Seventh Invention 

A strain gauge having a metal electrode formed on or under a thin film of a Cr-base alloy 
having a gauge factor of 2 or more and a temperature coefficient of electric resistance of 
within (-3.5 to 3.5) x lO^PC on an insulation film formed on a conductive substrate, or on 
an insulating substrate, by vapor deposition or sputtering followed by cooling after 
heating at a temperature of 100°C or more and 1200°C or less in a non-oxidizing gas, 
reducing gas or vacuum, the thin film comprising, in atomic %, Cr (a balance) as a 
principal component; 0.01 to 50% of a combined amount of one or two or more elements 
of 5 % or less each of Ti, V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se and Te, 8 % or less each of 
Zn, Cu and Bi, 10% or less each of Fe, Mo, W, As, Sn, Sb, Pb, B, Ga, In and Tl, 15% or 
less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and rare earth elements, and 20 % or less 
each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as sub-components; and a small amount of 
impurities. 
[0023] 

[Operation] As shown in Fig. 1, the temperatures of the maximum and minimum regions 
are about 90°C and -150°C. Two methods of employing the minimum region by adding 
elements that serve the Neel temperature to shift to a lower temperature side and 
employing the maximum region by adding elements that serve the Neel temperature to 
shift to a higher temperature side may be conjectured for allowing these temperature 
regions to shift to room temperature in order to reduce the temperature coefficient of 
electric resistance at room temperature. 
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[0024] Figs. 2 to 7 show the relationship between the amount of addition of each element, 
and the temperature coefficient of electric resistance in the region of 0 to 50°C and the 
gauge factor at room temperature (about 20°C). As shown in these graphs, the reason 
why the composition of the thin film of the Cr-base alloy is restricted within respective 
ranges of 0.01 to 50%, preferably 0.1 to 40% and more preferably 1 to 40% of a combined 
amount of one or two or more elements of 5% or less each of Ti, V, Nb, Ta, Ni, Zr, Hf, Si, 
Ge, C, N, P, Se and Te, 8 % or less each of Zn, Cu and Bi, 10 % or less each of Fe, Mo, W, 
As, Sn, Sb, Pb, B, Ga, In and Tl, 15 % or less each of Ru, Rh, Re, Os, Ir, Pt, Pd, Ag, Au and 
rare earth elements, and 20% or less each of Co, Be, Mg, Ca, Sr, Ba, Mn and Al as 
sub-components; and a small amount of impurities, and a balance of Cr is that a gauge 
factor of 2 or more and a temperature coefficient of electric resistance of within (-3.5 to 
3.5) x 10^/°C are obtained in these ranges, while such effect cannot be expected in out of 
these ranges. 

[0025] Although the thin film containing Hf, Zr, P, As, Sb, Mg, Ca, Co and Pd of the 
sub-components shows a temperature coefficient of electric resistance of within (-3.5 to 
3.5) x lO'V'C even when the ranges thereof exceed limiting ranges, the surface of the thin 
film containing more than 5% of Hf and Zr becomes extremely rough without stabilizing 
the characteristics at all, the thin film containing more than 5%, 10% and 20% of P and 
As, Sb and Mg, and Ca, respectively, is peeled from the substrate, and the thin film 
containing more than 15% and 20% of Pd and Co, respectively, has a gauge factor of 
smaller than 2. Accordingly, the upper limits for these elements were provided since the 
films containing the above-mentioned elements in the ranges described above cannot be 
used as the strain gauge. 

[0026] While Figs. 2 to 7 show that the gauge factor decreases in accordance with the 
increase of the amount of addition of the sub-components, the decrease of the gauge factor 
is small relative to the increase of the amount of addition of the sub-components such as C, 
Si, Ge, Al and Ga, and even a small amount of addition of sub-components such as Ni, Nb 
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and Ti permits the minimum point to shift to room temperature. Accordingly, a high 
gauge factor may be obtained by adding these elements. A high gauge factor can be 
obtained by adding a plurality of these elements that permit the high gauge factor to be 
obtained, and a large gauge factor of more than 2 could be obtained by adding at least two 
sub-components of sub-components according to the invention. 

[0027] While the rare earth elements comprises Sc, Y and lanthanide elements (La, Ce, 
Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu), all of them are the components 
haying the same effect. 

[0028] Fig. 8 shows the relationship between the heating temperature and the 
temperature coefficient of electric resistance, specific electric resistivity and gauge factor 
of the alloy (sample No. 13) according to the invention. As shown in the graph, desired 
gauge characteristics may be obtained by heating the alloy of the invention in the 
temperature range of 100°C or more to 1200°C or less for more than 1 minute or more to 
100 hours or less, followed by cooling at a rate of 1 °C/hr or more to 1000 °C/min or less. 
The heating time is restricted to preferably 1 minute or more to 100 hours or less in the 
temperature range of 100°C or more to 1200°C or less in the heat treatment condition, 
because this condition is preferable for obtaining a gauge factor of 2 or more and a 
temperature coefficient of electric resistance of (-3.5 to 3.5) x 10^/°C. Temperature 
ranges of 100°C or less and 1200°C or more are not preferable since no changes are 
observed in the gauge characteristics in the former case while the manufacturing process 
is wasteful with unfavorable economical efficiency in the latter case. 
[0029] 

[Examples] Examples of the invention will be described hereinafter. 

Example 1: Manufacturing and evaluation of thin film of alloy of sample No. 7 

(composition: Cr-5.8%Fe) 

A composite target for sputtering is prepared by bonding a Cr disk (purity 
99.9%) with a diameter of 105 mm and a thickness of 3 mm, followed by bonding 4 sheets 
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of Fe chip plates (purity 99.9%) with an area of 7 x 7 mm 2 and a thickness of 0*8 mm. A 
thin film with a thickness of 0.36 yim is prepared from this composite target using a 
magnetron high frequency sputtering apparatus under the sputtering condition shown 
below. A glass mask was covered on the substrate before deposition in order to form a 
patterned thin film by deposition. 
Pre-evacuation: 1 x 10' 7 Torr 
High frequency wave power: 100 w 
Argon gas pressure: 1 x 10" 2 Torr 
Substrate: glass (Corning #0211) 
Temperature of substrate: not heated 
Inter-electrode space: 50 mm 
Deposition rate: 30 A/min 

An electrode was formed by welding a covered lead wire with a diameter of 0.05 mm to the 
thin film prepared using a solder, and the temperature coefficient of electric resistance was 
measured by a four probe method. As shown in Table 1, a temperature coefficient of 
electric resistance of quite as small as 0.18 x lO^C and a gauge factor of 5.6 were 
obtained. Subsequently, the thin film obtained was heated at each temperature between 
100 to 500°C for an appropriate time in respective atmospheres, followed by cooling to 
room temperature (cooling rate: 200 °C/hr). Table 1 shows the relationshipbetween the 
heat treatment method, and temperature coefficient of electric resistance, specific electric 
resistivity and gauge factor after the heat treatment. The gauge factor was improved 
with a large value in any of the atmospheres. While the temperature coefficient of 
electric resistance showed a little increase in accordance with the increase of the heat 
treatment temperature, the change was not in the range that interferes with stability as the 
strain gauge. 
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[0030] 
[ Table 1] 



Heat Treatment 


Gauge 
Factor K 
(20°C) 


Specific Electric 
Resistivity 
(20°C) 
(HQ-cm) 


Temp. Coefficient of 
Electric Resistance 
(0 to 5U"C) 
(x 10-4/°C) 


Atmosphere 


Temp. 
(°C) 


Time 
(h) 


As-depo 






5.6 


94.74 


0.18 


In Air 


400 


10 


8.1 


90.47 


0.42 


In H 2 stream 


450 


5 


7.9 


88.72 


0.52 


In vacuum 


500 


30 


8.3 


91.56 


0.40 


In vacuum 


200 


80 


7.2 


92.94 


0.29 



[0031] Example 2: Manufacturing and evaluation of thin film of alloy of sample No. 13 
(composition: Cr-1.0%V) 

Cr with a purity of 99.9 % and V were formed into an alloy by arc melting to prepare an 
alloy target with a diameter of 203 mm and a thickness of 5 mm. The alloy target was 
bonded to a copper electrode as a sputtering target. A thin film with a thickness of 0.36 
l\m was prepared from this target using an ion-beam sputtering apparatus under the 
sputtering condition described below. The substrate was covered with a glass mask so as 
to form a gauge pattern by deposition, and a laminated electrode of Ni and Au was formed 
on the substrate. 
Pre-evacuation: 2 x 10" 8 Torr 
Acceleration voltage: 700 V 
Ionic current density: 2 mA/cm 2 

Substrate: Stainless steel having a Si0 2 insulation film on the surface 
Temperature of substrate: 500°C 
Ion source-target distance: 120 mm 
Substrate-target distance: 120 mm 
Deposition rate: 90 A/min 

An Au wire was welded to the thin film electrode prepared, and the temperature 



16 



JP09-95751A 



coefficient of electric resistance and gauge factor were measured by a four-prove method 
to obtain a temperature coefficient of electric resistance of quite as small as 0.08 x lO'V'C 
and a gauge factor of quite as large as 9.1. Subsequently, the thin film obtained was 
heated at each temperature in the range of 100°C to 1200°C for an appropriate time 
followed by cooling to room temperature in a furnace (cooling rate: 50 °C/hr). Table 2 
shows the relationshipbetween the heat treatment method, and temperature coefficient of 
electric resistance, specific electric resistivity and gauge factor after the heat treatment. 
The gauge factor was improved in any of the atmospheres, and showed a large value. Fig. 
8 shows the relationship between the heating temperature, and the temperature coefficient 
of electric resistance, specific electric resistivity and gauge factor when the heat treatment 
was applied for 2 hours in vacuum. Both the gauge factor and the temperature 
coefficient of electric resistance showed a maximum at 500°C, although the specific electric 
resistivity was decreased with the increase of the heating temperature. Since the 
increment of the temperature coefficient of electric resistance caused by this heat 
treatment is as small as about 0.3 x lO" 4 / 0 ^ and the increase of the gauge factor is more 
evident, the heat treatment of the invention is effective for manufacturing a strain gauge 
being highly sensitive and stable. 
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[0032] 
[ Table 2] 



Heat Treatment 


Gauge 
Factor K 
(20°C) 


Specific Electric 
Resistivity 
(20°C) 


Temp. Coefficient of 
Electric Resistance 
(0 to 50°C) 


Atmosphere 


Temp. 
(°C) 


Time 
(h) 


As-depo 






9.4 


62.04 


0.08 


In Air 


450 


10 


10.1 


58.7 


0.32 


In H 2 stream 


500 


5 


10.1 


59.3 


0.25 


In vacuum 


400 


30 


10.4 


54.3 


0.32 


In vacuum 


800 


80 


9.6 


60.2 


0.09 



[0033] Example 3: Manufacturing and evaluation of thin film of alloy of sample No. 53 
(composition: Cr-1.2%Al-1.6%Si) 

Cr with a purity of 99.99 % , Al with a purity of 99.9 % and Si with a purity of 99.99 % in a 
proportion of 97.0%, 1.3% and 1.7%, respectively, were formed into an alloy by melting in 
a high frequency melting furnace to prepare an alloy, and about 1 g of the alloy was used 
as a evaporation source material. A thin film with a thickness of 1.2 jim was prepared 
using this material by vacuum deposition in a vacuum deposition apparatus under the 
condition below. The substrate was covered with a glass mask before deposition so as to 
form a gauge pattern by deposition. 
Degree of vacuum: 6 x 10" 7 Torr 
Substrate: polyimide (a thickness of 0.1 mm) 
Temperature of substrate: 200°C 
Substrate-evaporation source distance: 180 mm 
Deposition rate: 130 A/min 

The thin film prepared was taken out of the vacuum deposition apparatus and, after 
exchanging the mask covering the substrate, a Cu film for the electrode was formed in the 
vacuum deposition apparatus. A coated wire with a diameter of 0.2 mm was welded 
using a solder, and the temperature coefficient of electric resistance and gauge factor were 
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measured by a four-probe method. As a result, a temperature coefficient of electric 
resistance of as small as -0.24 x lO'VC and a gauge factor of as large as 7.9 were obtained. 
Subsequently, after heating the thin film obtained at each temperature in the range of 
100°C to 400°C for an appropriate time, it was cooled to room temperature in the furnace 
(cooling rate: 500 °C/hr). Table 3 shows the relationshipbetween the heat treatment 
method, and the temperature coefficient of electric resistance, specific electric resistivity 
and gauge factor after the heat treatment. The gauge factor was improved in any of the 
atmospheres as in Example 1, and showed a large value. While the temperature 
coefficient of electric resistance was a little increased in accordance with the increase of 
the heat treatment temperature, the increase was not so large for interfering with the 
stability as a strain gauge. It was shown that a strain gauge being highly sensitive and 
stable could be provided by using the alloy of the invention. 
[0034] 



Heat Treatment 


Gauge 
Factor K 
(20°C) 


Specific Electric 
Resistivity 
(20°C) 
(uQcm) 


Temp. Coefficient of 
Electric Resistance 
(0 to 50°C) 

(x io^/°o 


Atmosphere 


Temp. 

(°C) 


Time 
(h) 


As-depo 






7.9 


9936 


-0.24 


In Air 


330 


10 


9.1 


96.21 


0.22 


In H 2 stream 


400 


5 


9.4 


94.33 


0.31 


In vacuum 


380 


30 


8.3 


98.87 


0.30 


In vacuum 


280 


80 


8.1 


97.92 


0.15 



[0035] Tables 4 and 5 show the temperature coefficient of electric resistance (TCR), 
specific electric resistivity (a) and gauge factor (K) of the representative thin film of the 



alloy according to the invention with respect to the samples after depositing the thin film 
on the surface of the stainless steel substrate on which a Si0 2 insulation film is formed 
using a high frequency sputtering apparatus, and the samples after subjecting the thin 
film to heat treatments under various conditions. 
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[0036] 



Table 4 


I] 


Sample 
No. 


Composition of 
Sub-Component 
ii^r as a oaiancej 


Heat Treatment 


Gauge 
Factor 

(20 C) 


opeciiic Eriectric 
Resistivity 
(20°C) 
(\iQcm) 


TCR 
(0 to 50°C) 
(10 r^) 


Temp. 


Time 


Cooling 
Rate 
(°C/hr) 


i 
i 


Be 2.7 


- 


- 


- 


7.7 


64.31 


0.01 


L 


Mg4.2 


- 


- 


- 


4.7 


67.24 


-0.02 


*\ 
J 


Ca 5.8 


- 


- 


- 


5.8 


71.38 


0 


A 


Sr9.6 


550 


16 


100 


9.6 


72.15 


0.43 




Ba 7.9 


800 


12 


150 


7.9 


76.36 


0.03 


o 


Mn 12.4 


- 


- 


- 


3.8 


106.88 


-0.04 


1 


Fe5.8 


- 


- 


- 


5.6 


94.74 


0.18 


Q 

o 


Co 7.4 


- 


- 


- 


5.4 


97.74 


-0.05 


Q 


Ni 0.8 


500 


3 


200 


11.2 


96.45 


0.13 


1 A 
1U 


Mo 4.9 


- 


- 




3.5 


54.26 


-0.09 


11 


W1.5 


- 




- 


93 


55.87 


0.09 


1 "> 
12 


Ti0.5 


- 


- 


- 


10.6 


60.03 


0.71 


1 "1 
lj 


V1.0 


- 


- 


- 


9.4 


62.04 


0.08 


1/1 
14 


Zr2.3 


450 


24 


100 


7.9 


57.44 


0.35 


1 c 

ii> 


Nb0.9 


- 


- 


- 


11.2 


56.87 


0.07 


lo 


Hf2.8 


- 


- 


- 


6.7 


71.45 


0.48 


1 7 

1 / 


Tal.6 


500 


10 


80 


8.3 


69.66 


-0.11 


1 Q 
lo 


Ru4.4 


- 


- 




9.1 


74.83 


-0.13 


1 0 


Rh6.0 


500 


6 


100 


8.0 


73.92 


0.06 


M 


Re 7.7 








5.4 


79.12 


-0.02 


Zl 


Os 5.4 








6.2 


78.27 


0.04 




Ir 6.3 








5.4 


80.33 


-0.05 


23 


Pt7.2 








5.7 


71.25 


0.09 


24 


Pd 12.9 








3.9 


70.30 


0.11 


25 


Ag 5.8 








6.2 


72.96 


0.09 


26 


Ail 7.0 


450 


2 


50 


6.1 


75.39 


0.08 


27 


Y2.9 


500 


60 


80 


8.2 


73.41 


0.12 


28 


La 5.1 








5.7 


73.39 


0.01 


29 


Ce 3.8 








6.6 


73.05 


0.04 
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[0037] 
[Table 5] 



Sample 

INO. 


Composition of 
Sub-Component 
(Cr as a 
balance) 


Heat Treatment 


Cauge 
Factor 
(20°C) 


Specific Electric 
Resistivity 

(ZU 

(jxQ-cm) ' 


TCR 
(0 to 50°C) 

(io"y°C) 


Temp. 
(°C) 


Time 
(h) 


Cooling 
Rate 
(°C/hr) 


in 


ni fi 

X> A.o 


- 


- 


- 


fi 7 

o.z 


7n nc 

/U.U3 


n n4 


11 


Al 7 1 

/VI Z.J 


- 


- 


- 


17 4 


7n on 
/u.yu 


n n4 


17 




-• 


- 


- 


m n 
xu.u 


71 17 


n in 

U.1U 


11 

JJ 


in 


450 


5 


120 


o.^ 


71 Q#£ 
/l.oO 


n ni 
-U.Ul 


14 


Tl 4 7 


- 


- 


- 


o.o 


7C OO 


n n^ 


ic 




- 


- 


- 


c & 
D.O 


7/^ fiO 
/O.oV 


A AC 
U.UD 


i#; 


zjn z.y 


500 


20 


150 


O 7 

y. / 


H& 77 

/o. /z 


A C7 


17 


Z.U 


- 


- 


- 


11 1 


fi£ nc 


A 11 


Ifi 




- 


- 


- 


11 7 

11. / 


Ol 4C 


A 1 7 
-U.1Z 


1Q 


VtC X.o 


- 


- 


- 


in fi 


Ol <7 

yi.o / 


-U.OO 


4A 
**U 


Q« 7 fi 
dU /.O 


- 


- 


- 


Q 1 

y.i 


fiO 77 

oy.zz 


A 77 


41 


T>h 7 1 


520 


48 


500 


C 7 


70 77 

/y. / / 


U 


47 


NT 7 1 


- 


- 


- 


fi f% 
o.O 


o#£ 1 fi 
yo.io 


A AC 
-U.U5 


41 


pi 7 

Jr Z. / 


- 


- 


- 


fi 1 
o.l 


fin #»i 


A Afi 

-U.Uo 


44 


Ac C 4 


- 


- 


- 


£ 1 
O.l 


7#£ 74 


A A7 
U.UZ 


4C 


#; 7 

oD O. / 


- 


- 


- 


1 fi 

J.O 


77 lO 


A Al 
U.U.3 


Aft 


Hi 1 0 
r>i j.y 


- 


- 


- 


C 7 


71 4#£ 


A 11 
-U.ll 


47 




- 


- 


- 


in 1 

1U.1 


07 

yz.yo 


A Al 
U.Ul 


4k 


ie z.y 


400 


72 


10 


o.z 


fil 17 


A A7 
-U.U / 


40 


fin Al 1 1 


- 


- 


- 


fi 4 


infi C4 


A 7*£ 
U. /O 




pin si i s 








fi fi 
o.o 


in7 7i 


-A 7#£ 
-U. /O 


51 


C 3.0, Ni 0.4 








8.0 


106.94 


-0.99 


52 


C 3.0, Nb 0.5 








7.4 


102.81 


-0.63 


53 


Al 1.2, Si 1.6 








7.9 


99.36 


-0.24 


54 


Al 1.2, Ni 0.4 


500 


24 


200 


7.9 


96.28 


-0.60 


55 


Al 1.2, Nb 0.4 








7.5 


95.04 


-0.31 


56 


Si 1.6, Ni 0.4 








7.6 


102.39 


0.13 


57 


Al 10, Si 4, Ni 1 








6.9 


112.72 


0.84 


58 


Mo 22, Si 13, 
Sn8 


500 


10 


100 


5.9 


120.17 


0.45 



[0038] 
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[Advantages] The thin film of the Cr-base alloy of the invention has a small temperature 
coefficient of electric resistance at near room temperature, and the gauge factor thereof is 
remarkably large as compared with conventional materials. Since the strain gauge 
comprising the thin film for the strain gauge according to the invention has a gauge factor 
of 2 or more with a temperature coefficient of electric resistance of within (-3.5 to 3.5) x 
KrV°C, it is effective for exhibiting high sensitivity and high stability. Accordingly, the 
strain gauge comprising the thin film of the invention is suitable for a load cell, strain 
sensor, weighting level gauge, accelerometer, various stress-strain meters and various 
security instruments. 
[Brief Description of Drawings] 

[Fig. 1] Fig. 1 shows temperature dependence of electrical electric resistance of the Cr 
thin film. 

[Fig. 2] Fig. 2 shows the temperature coefficient of electric resistance at 0 to 50°C and 
gauge factor at room temperature (20°C) against the amounts of Be, Mg, Ca, Sr and Ba 
added as sub-components. 

[Fig. 3] Fig. 3 shows the temperature coefficient of electric resistance at 0 to 50°C and 
gauge factor at room temperature (20°C) against the amounts of Fe, Co, Mn and Al added 
as sub-components. 

[Fig. 4] Fig. 4 shows the temperature coefficient of electric resistance at 0 to 50°C and 
gauge factor at room temperature (20°C) against the amounts of Ti, V, Zr, Nb, Hf, Ta, Ni, 
Ge, Si, C, N, P, Se and Te added as sub-components. 

[Fig. 5] Fig. 5 shows the temperature coefficient of electric resistance at 0 to 50°C and 
gauge factor at room temperature (20°C) against the amounts of Ru, Rh, Re, Os, Ir, Pt and 
Pd added as sub-components. 

[Fig. 6] Fig. 6 shows the temperature coefficient of electric resistance at 0 to 50°C and 
gauge factor at room temperature (20°C) against the amounts of Ag, Au, Y, La and Ce 
added as sub-components. 
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[Fig. 7] Fig. 7 shows the temperature coefficient of electric resistance at 0 to 50°C and 
gauge factor at room temperature (20°C) against the amounts of Pb, Sn, As, Sb, Bi, W, B, 
Ga, In, Tl, Cu and Zn added as sub-components. 

[Fig. 8] Fig. 8 shows the relationshipbetween the heating temperature, and the 
temperature coefficient of electric resistance, specific electric resistivity and gauge factor 
when the thin film of the alloy of sample No. 13 (composition: Cr-1.0% V) is subjected to a 
heat treatment in vacuum for 2 hours. 
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Fig.5 
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lf*fcl*^^>'J>y*l:J: 

cfco 1 o o°c£Lt 1 2 o o°cjaT<B;£S-cans&f£>%a-r 

*>< (-3. 5-3. 5) x 1 0-4/° C JUrt£-f £C£ 

So 



££j£#<t L. HfiE»t LTT i . V. N b. T a. N 
i. Zr. Hf. Si. Ge. C. N. P. Se. Te 

CD J r>^-?+t5%l^T. Zn. Cu. B i 0>^-*l-f*L 8 % 

IsTF. Fe. Mo.W. As. Sn. Sb. Pb. B. 

G a . In. T I O^tl^fr 1 0 %WT, R u . R h . 

Re.Os. Ir. Pt. Pd.Ag.Au. ft±®7U 

iStCD^tt^ftl 5%lilT. Co. Be. Mg. Ca. S 
r . B a . Mn. A I (D^tl^fa 2 0%i^TCD J p*> 1 7C 

^Sfcl* 2 7t^ia±<7)^ft 0 . 0 1—5 0%t'J?M.<D^ 

rf)M-3. 5 — 3. 5) xlO-4/°C^tfe§Cr 

ic. SfcltfclMMMEJil::. jS^F%(CT. c r (JSS) 
££i£#<h L. W\$Lftt Lt T i . V. N b. T a . N 
i. Zr. Hf. Si. Ge. C. N. P. Se. Te 
<D^tt J r?tt5%mT. Zn. Cu. B i <D-5-*vF*t 8 % 
JUT. Fe. Mo.W. As. Sn. Sb. Pb. B. 
G a . In. T I (D-ttL-Pfl 1 0 %J*TF. R u . R h . 
Re.Os. Ir. Pt. Pd. Ag. Au. ft±g7C 
SR-tft^fll 5%£TF. Co. Be. Mg. Ca. S 
r . B a . M n . A I (D^tl^ft 2 0 %JUT£> O *> 1 7U 

(-3. 5 — 3. 5) x 1 0-4/°C^t*fel)C r 

6 ] #«tt»« J:lz*m*H*»rt Lfc± 
fC. *fcl*|&|»tt*«±IZ % Jj^%fCT. C r (JSgp) 

L. B'Jj*#fc LTT i. V. Nb. Ta. N 
i. Zr. Hf. Si. Ge. C. N. P. Se. Te 
<D-t*L-£*L5%firF. Zn. Cu. B i (D^tl^ft 8 % 
JsiTs Fe. Mo.W. As. Sn. Sb. Pb. B. 
G a . In. T I (D^rtl^tl 1 0 %)UT. R u . R h . 
Re. Os. Ir. Pt. Pd. Ag. Au. ^±!®7C 
MW-Ztl-etl 1 5%UTF. Co. Be. Mg. Ca. S 
r . B a . M n . A I (Ofrtl^tl 2 0 %£L~FCD 5 % 1 7C 

*(D 1 0 0°CULt 1 2 0 0 0 CJUT<DSJK-CiPj»aj%ffl-r 

6c<tic<fcy. y-s?JM<2tt±-c, loittftsitftR 

A< (-3. 5-3. 5) xlO-4/°C^rtt&4Cr 

7 ] «mtt««±i=««(*n£»« Lfc ± 

(c. *fcttfe«tt*|E±lc. ^%|ZT. C r (SSSP) 
L. B'JfiK^t LTT i . V. N b. T a. N 
i. Zr. Hf. Si. Ge. C. N. P. Se. Te 
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(7)-?-+l J E i ^5%JilT, Zn. CUs B i 0)^*1.^*18% 
JUT. Fe> Mo,W, As, Sn. Sb, Pb, B. 
Ga, In, Tl (D-5"4x-f^1 0%fel~F. Ru. Rh, 
Re. Os, I r . Pt, Pd, Ag, Au„ ft±H7C 
mW^-^^l 5%JiTF. Co. Be. Mg. Ca. S 
r . Ba, Mn, A I <D*tl?1\2 0%JiTF<D5*> 1 7U 
**fcli2 5c*fel±OT^f+0. 0 1~5 0%i'>iOT 
*e*3^6<t*fll«*. aS§g£fcl4X/WS >)>7WlzJ: 
yjSKL. ££>K2EIMb1£:tfx. S7u14?3X*f=l*S^ 
*(D 1 0 0°CJU± 1 2 0 0 0 CWT<D;SJg-e*ll]t?&&?fjip-f 
SCtlCfelJ. y— : ^A<2fel±T?. S.Ofita;gg^S[ 
A< (-3. 5~3. 5) xi O-^/'CWrtt-fc^Cr 

[0001] 

[**±©fljffl»»] **WI4. Cr (* DA) 
»tL. ««»iLTT i , V (/**-5?»> 

A) , Nb (— *Z?) . Ta ($ls$M > N i (.=.'> 
y;U) . Zr (S^m^A) , Hf (/s^-^A) „ 
S i (y^fSt) . Ge {?)\,^-*5Jx) . C (K^) . 
N (g3(S) . P (U» . Se (tUi/) . Te (-r;U 
JU) . Fe (ft) , Mo (^E'J ^ir» . W (* >yx 
T» . As (tat) . Sn (XX) . Sb (7>f ? 
»,Pb (IB) , B i (tfXTX) . A I (TVU5- 
^A) , B s Ga (ff'J^A) , In K> 

v-?A) . T I (*'J-7A) . C u (§g) , Zn (I 
fe v ) . Mn (7>**» . Ru OUt-^A) , Rh 

(Qi/^A) . Re s Os (tXi 1 ) 

A), Ir (-f'Jv^A) , Pt (6*) . Pd (/<7 
vOA) . Ag (i) . Au (^) , #±«7c*» C o 

(3/N*;Uh) > Be (^'J'JOA) . Mg C7^V«t7 
A) . Ca (*;U->^A) „ Sr (XhP^^^A) fc 
.fctfBa (/n'UOA) (D^*, 1 7cfi*f=l*2 7EaHy.±<© 
£ftO. 00 1 ~5 0%i^bft5C r»^SIfcJ: 

(*gfiti>-f«a-!gjg) A<2Jii±-e. a.o«tA:;SJS^SH 

A< (-3. 5-3. 5) x 1 0-4/°cUtrt-C*fc££# 

[0002] 

x k u-r >y-s?a:, -ttic»tti>r* 
ic j: o r »g£ fc i* «»#©y- s?*t©*««st 

+ tetany % i>-r^^pjs;*i«»f+sii^t>i;ic^jgizffl 
i^fts. ^xnizfci+^i>-r^i+. mm 



«*(= t ^ < fJffl £*tT l» « „ 
[0OO3] X h U-f >y— *?|±, -E-<D*«jt*<^BJffl^ 
(10~30«m) ^fcli^BS (3~5wm) £yj 

v Kttfc«l*tta-tfy httlcESUTJEcy. £fc*<Dffi 

fflstbt limey— v £ttats«Bi=»»Aij-cu y wit 

ft -So 
[0004] 
[»1] 



AR/R 
tsljl 



l+2a + 



Ap/p 



[000 5] CCf, R. o\ pt$&tf 1 tt-t*L-p*ty 
0. 3-CfcS*6. ffilEC03SIZt5lt-5€ffl^1 «tm2 

y— v*^^^<-rsfcfti=tt. ffifB<D^i-fciti>m3 

[0 0 0 6] y-i?**<*Sfctt**l=l4¥S*tt©BHR, 
^-fatfeJct/y^-^A^ffl^tiTL^o LA^LC 

y-v*lii o~i 7 ot#«l:^ 

& c t A> ?> . WRft *&EE2]ftlMMtl=J&Jfl f= 

c<D**ii«tta««**«#*5«>-c/h*i^=«). ;SJ£^ 
fl:lc*rt-*«ttO!)*»A</h*fc^31*«t*LTt*« 

^<7>R®. y— 2 i $&I=ABJS«: 
x h u-f >y— 5?ffl»»t Lr 1*51 Lt t^^i:L^o 
[0007] *ft*t»*ffli^fcx hu-f >y-vii. ± 

L, JHBtt^ttrox hU-<>y— vl*, yjf K»rtl*<D 
»9 Uf «fe tfiPX L f=JMi^» <!: * SB* 3? 

5 fc to i-ffl t x h &mm<D&wmz «t y ttitia;* t> o # 

A^^< . LA^yj -v K(0«)S-V>jnti^^S«(7>tt* 
<tLNofc!f#^ft»A<^!tefcto. 4ia$A<i<3X h 

i?tt. *DX^<75l>-r^O»#l*^LNA<. «*filJ<7)^#|C 

i> = 

[0 0 0 8] 



(4) ftmW- 9-957 5 1 



*lb©§It>-9-fflXhb'f>y-vlciLT. iSigit 

[0 0 0 9] *#|Bjljb<fl?3tLJ: : 5«!:-ri>t?gll4. Rlcifr 
lOiffll (-3. 5~3. 5) x 1 O - 4 /"Clilrttf 

■f-a>«aa*M*-*-*l=**. **Hc:*si»-c(4. mm 

tCrtfl Lfc„ 

[0010] c r(D/<j^ £>igfiii>-r<^iSJti4 

2 6~2 8 t^«l=*#l^wt)6<«ie,*tTL^-5. LA N 
L. C rl4»I*<*fliei=H*-C**Ct^&, Ctl*T- 

$^fc<fctfSJ&#cDx hu^y-^icm^ctteT- 
■So C rSKa)^— v¥l*/^U^ISif-ei*<CL^1 4. 
£ *t £ CD T' . Sai= It 4 *tt»t«*«/h $ I * C t 

M-cfe-5*<. ■ii=*-r&£u. c r»B«>saicteit 

**«ffl«««l4fta>»-c:fcS< (-6 x 1 o-4/ 
°C) . S£1£C0j5t?X H/-(>y- i?lcSUTL^L^ 
[ooi 1 ] *c-e**Hi*, c r 5WK©3»ixy— 

[0O1 2] 

[f§a^*<»9i-r4fctoO)^K] *#6B£I4. Hii:16*i 

<dc r©*— ju^cosg (*— ;uia«) i4$#S<©7c3fc£ 
£ A<*Q t> *VT I* -5 o * c -uffi/jNfc <£ tfS *l**— itjft t 

aM5fc«©BMMi'5G**C rlciDS.SCirlCcfco 

r . mm. ifi«i= a* * fc a w* $ t fc & -t c t *>< 

■C * -5 Ct A<Bjj e> An t ts. r> tz . 
[0 0 1 3] £fc. mi&&L9V<DS.S.VX VKsJZsf— V 



°T H&T* ft 4 Z i: |9J u fc . 

[0014] ^Jv&cofcimrottiz. $e>ic«£coisg& 

£<tofc*SIH. BWI=t, C r (Jgffi) *±«»fc 
U LTTi> V. Nb, T a . NK Z r « 

Hf> Si, G e . C, N. P. So. T e CD-?-*!.-?*!. 
5%IU~F. Zn> Cu> B i (D^ft-?*!. 8 %1UT. F 
e . M o . W. As. S n . Sb. Pb. Al. B . G 
a . In. T I OD-t-JK-^H 1 0 JUT. M n . R u . R 
h. Re. Os. I r. Pt. Pd. Ag. Au. ^± 
glTcfftO)-?-*!.-?*!. 1 5%lilT. Co. Be. Mg. C 
a. Sr. B aCD^ft^;h.2 0%lUTCD-5*. 1 TE^fc 
l*2 7u*Jil±<D-&tt0. 0 1 ~5 0%<t^i>fiCD?F$e^lAN 

i?ffl«*4<t LTilLTl*£;:££J|l*aiLfcCD-efc£. 
[0015] *$B«*«Jfrrsi=«\ ±tB*ifi£0>£#£ 
■KU: Lfcl&jf . *fcl*±IBiafi£a>jSBla>^*M^'5: 
Vv K — <Ck h£fcl4£7C$ — fv h 

^ffliNfcx/<-v^ u>y. tu< (£±fa&j£a>&jiga>}& 

*) . •(b^x.v^>'y (IKJE^) . U— 9 s h US 
^t'OTX-v^^^^fcl* h U 5 >^ttX<tif*|tr C t 

liasttfltur. mum+tmftizwiWiLtzm+zm 
©**-cttffl-r*^ ^fci*!&s^e,tfc^icaa$« 

il7c14**xcf3^fcliK^^(Di oo°CJjl±i 

2 o o°ciuT<7)5ajs-e. jss^^ra. »* l < i4 1 »m 
»a±i ooB»meiTm9ft(ft, jsstcas-p. »^l<i4 

1 °C/B#JU± 1 O 0 0 C/^AUT©2JtT'^*p-r-o5C tic 
»taaffi^S!t*< (-3. 5-3. 5) xio-4/ta 

[0 0 16] mi38BJ3 
H^%l-r. C r (SISP) f-^JS^-t L. IlJfiE»t L-T 
Ti. V. Nb. Ta. Ni. Zr. Hf. Si. G 
e. C. N. P. Se. T e (D^fo-frfo 5 %JiiT. Z 
n. Cu. B i 0>-?-;h,-?;h.8%lUT. Fe. Mo. W. 
As. Sn. Sb. Pb. B. Ga. In. TI (D^tl 
-F+L1 0%felT. Ru. Rh. Re. Os. I r. P 
t . P d . A g . A u . ^±^7im(D^tl^tl 1 5 %Jil 
T. Co. Be. Mg. Ca. Sr. Ba. Mn. Al 
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m&2&L±v. io«8ta««»tf (-3. 5-3. 
5) x 1 o-4^ciart-cfe*ct^4$gii(b:-r^x hU 

[0 0 17] 12^ 

»«n*«±icift«#iii*»jaLfc±ic. ^fcii^tt 

HT%l^r. Cr (»ff) £±«#4:U IiJ 
f&ftt LtTi, V. Nb, T a. N i . Z r . Hf, 
Si. G e . C . N . P . So. Te (D^tl^tl 5 
T. Zn. Cu. B i (7)^^-64x8 %£TF. Fe. M 
o.W. As. S n . S b . P b . B . C a . In. T 
I (D^ft^ftl 0%1UT. Ru. Rh. Re. Os. I 
r. Pt. Pd. Ag. Au. *±!®7C^O-?-^-? r Hl 
5 %i^T. Co. Be. Mg. Ca. Sr. Ba. M 
n. A I (0^4x^2 0%1UTCD3^> 1 5t^^fcl*2 7C 
St£l±(7>^i+0. 0 1 -5 OWid^ECDTSMSlfr&ftS 

3. 5-3. 5) x1 O-^/^^t^Ct^fS 
[001 8 ] 13 §m 

SS±lz. Cr H 

LTT i . V. Nb. Ta. Ni. Zr. Hf. 
Si.Ge.C. N. P. Se.T e <D ttl^tl 5 %1U 
T. Zn. Cu. B i O-^ft^SO/fclUT. Fe. M 
o.W. As. Sn. Sb. Pb. B. Ga. In. T 
I 0%fen\ Ru. Rh. Re. Os. I 

r. Pt. Pd. Ag. Au. ^±^7^^^-^^^^ 1 
5%&LT. Co. Be. Mg. Ca. Sr. Ba. M 
n. A I (D-e*i-?*t2 0%]^T(7>5*> 1 Tcit £ I* 2 tc 
*Jsl±a>^ft 0 . 0 1 - 5 0 % £ AD?Mfeft* »b ft * 
Ifffclix/^^ U U AMU * 

&iciMMttt#** a5ctt#x*fcf*Jtffi4»a)i oo°c 
ja±i 2oo fl cisiTa)a«-etti»a»ai-r*c4:fCct 

y-v^3b<2ia±-Cs lO*t(tat«»4< (-3. 
5-3. 5) x 1 0-4/°CUtot-?Z>Zt&mtTt 
>>r- vffi C r iMIROMS. 

[ooi 9 ] 14 %m 

*«±|C. ^%{Z*C. Cr (Sfll) $£j£#<tL. i"J 
j£»<hLTT i . V. Nb. Ta. Ni. Zr. Hf. 
Si.Ge.C. N. P. Se.Te (D^+L^tt 5 %£L 
T. Zn. Cu. B i (D^ft^ft 8 %)*TF. Fe. M 
o.W. As. Sn. Sb. Pb. B. Ga. In. T 
I (DttX'Ztll 0%£TF. Ru. Rh. Re. Os. I 
r. Pt. Pd. Ag. Au. #±^7U^<D-?*tt-f^Xl 
5%£LT. Co. Be. Mg. Ca. Sr. Ba. M 
n. A I <D^ft,?tl2 0%liT(0 9*) 1 7tm&tz\t27Z 



mvL-tcD^tio. o i -5 o%fcd>»a>^*M*ifr&ft 

5-3. 5) x 1 0-4/ o cklF*J-e&£C r S^^SIS 
[0020] mSSIBjJ 

s«±iz. k^ict. cr <a») ^i^ti, m 

!&'AtLXT i. V. Nb. Ta. Ni. Zr. Hf. 
Si. Ge. C. N. P. Se. Te (D^tl^tl 5 %)U 
T. Zn. Cu. B i (D J r>H^iX8%i^T. Fe. M 
o.W. As. Sn. Sb. Pb. B. Ga. In. T 
I (D-tft -?;h,1 0%)UT. Ru.Rh.Re.Os. I 
r. Pt. Pd. Ag. Au. ft±ffl5c*0>-f *L-?*t 1 
5%fcTFs Co. Be. Mg. Ca. Sr. Ba. M 
n. A I C0 J r>tu J 6tt2 0%JUT<D5*> 1 5tm^tz[t2yt 
m&±<Dnti 0 . O 1 — 5 0 % £ 'PM<D^1&ty\fr ft 

5-3. 5) x 1 0"4/ o c^tfel)C rS^SI 
[002 1] 16 fgg] 

gffi±ic. Jgi^%lzT. Cr (58SP) L. n 

LIT i . V. Nb. Ta. Ni. Zr. Hf. 
Si. Ge. C.N. P. Se.Te CD "ttl^tl 5 %JU 
T. Zn. Cu. B i (75-^4x^+1 8 %1UT. Fe. M 
o.W. As. Sn. Sb. Pb. B. Ga. In. T 
IO)f*Lf*l1 0%ttT, Ru. Rh. Re. Os. I 
r. Pt. Pd. Ag. Au. 3fi±m7tm<D j: etl ; €tl 1 
5%&l~F. Co. Be. Mg. Ca. Sr. Ba. M 
n. A \ (D^i^X s eH2 0\>JLT<DoiE>^7tm^tzit27tm 

isLta>-&ft-o. o i -5 o%td?»o>5F*6«!i^&ftsai 

y— 5?**«2»Lfe. lo«»a*{»[4< (-3. 5- 
3. 5) x 1 0-4/°c^-efe^C rl^MI^b 

[00 2 2] 17^ 

*«±IC. ^%[CT. Cr L. IIJ 

j£»i:Lr T i. V. Nb. Ta. Ni. Zr. Hf. 
Si.Ge.C. N. P. Se.Te (D^rtl^ ti 5 %£l 
T. Zn. Cu. B i (D^;h, J P;h,8%mT. Fe. M 
o.W. As. Sn. Sb. Pb. B. Ga. In. T 
I . (D^tl^tl 1 0 %£t~F. Ru. Rh. Re. Os. 
Ir.Pt.Pd.Ag.Au. ^±m7tM<D^tl"e *l 
1 5 %JUT. Co. Be. Mg. Ca. Sr. Ba. M 
n. A I <0itl^tl2 0%U1TCD5*> 1 TuUt £ l£ 2 tu 
*l^±CD^ItO. 0 1 ~5 0%fcd>»(DT«1»**&ft£ 
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&l=#lHttt#*» ^7c14**X^f=l*K^*W 1 oo°c 

y. y-v^3b<2iii±-p. jaogtfiss^^ (-3. 

5~3. 5) xio-4/tiafl-(;fcScri^ii 
<D±S5t L < l*TgfJI-#Jim*I£ff2fiW £>C t 

[0 0 2 3] 

otsjki*, ^-e^xfti 9 o°casj;i/- 1 5o°c-efc& 0 

< T&tztbiztt. *— JUSKSttSfflll:: 

ii^r <t ni=&tt $ tt £«b * * t otl^ic &-?Tm* 

[0 0 2 4] H 2-7 1^1*, »JB»*/<y$MJ>?»« 

rowing t, o~5oti=*ji+*«ffiaaE«»«5«ttfa 

€>0>Blfr&:bfr&J:3l=. Ti, V. Nb, Ta, N 
i , Z r , Hf > S i t G e , C, N, P, S e , Te 
<7)-€-*t-?*t5%JUT. Zn, Cu, Bi(Dfilftl8% 
JJIT, Fe, Mo,W> As, Sn, Sb, Pb, B , 
Ga, In, T I 0)-&tl^tl 1 0%JiTF, Ru, Rh> 
Re, O s , I r , Pt, Pd. Ag, A u , ^&±^Mtc 
^(D^-tt-?tt 1 5%JilT, Co, Be. Mg, Ca, S 
r , Ba, Mn, A I (D-Ol^HXZ 0 %JilTCD ? *> 1 5£ 
^*fcl±2 7E^tlJi<D^H-0. 01~50%, ff$L< 
l*0. 1~40% ( JbtSSL<tt1~4 0%fcJ:0: 
SSPCrt, -&tl^tl.<D®ffllrKSLfcSSl*. C*t* 
©WB-CttV— i?m*<2 lSLha>Xl*tt£tft&*u lofi 
tSS*«»*< (-3. 5-3. 5) x 1 0 ~ 4 /°CJilF*J 

[0 0 2 5] ±8EIlM»a)-5*>s Hf, Z r , P. A 
s, Sb. Mg, Ca, Cofc«fct/P dlZ-3L^TI*. I® 
£<0«5H£je*Tfcgfii;£&«»A< (-3. 5-3. 
5) x 1 0-4/" , CliLF*9£^-rj!)<. Hf tZrlt 5% 

■ti-T, £fc, PWl/AstSbtEbytMgtCatt 
5%fc<fcl/1 0%^ft>t;iC2 0%£jffix..&£ 
&WJiL-CL*lV SfclC, PdfcWco 

[0026] H2~7^e>, y— vmitMrnttomtiam. 

(Dt&tiaiztt-ox&'PT&zttfifrfr&tf. c. si, g 



— i?*0)M'>A</jN$<, N i, NbfiWT i 

d^*^2 7uf£feLt£JjO;lf;i§^, -r^T2«t y^^tf 

[0 0 2 7] #±^7Emi*Sc, Yfc t fetj: : 7>-S' 

>^7cS (La, Ce, Pr, Nd, Pm, Sm, E 
u, Gd, Tb, Dy, Ho, Er, Tm, Y btS&lf 

lu) a>c>^sa<, ^rosasiitti^r'fey, ^-r^tt^ 

[0 0 2 8] H8li, ttJf»iS«i:*3|fM^ (5t*4# 

f : 13) (DmKi&mmwi. tt&mtsxwf-vmta 

°CliL± 1 2 0 0°ClilTCD;S^ffll=fc^r, 1 ttHJU-h 

1 o 0F#p B iiUTanf&L, -out- 1 °c/B#ja± 1 o o o°c 
/»iUT<Diij£T*;i^-f * c i: 1= «t y , mmo?— 
14*<#t»ti.So Hftffisro^icfc^r, 1 oo°ciu±i 

2 0 0°CKrFW;gJg©HI-fcl^T, L < I* 1 fl-IBBl 
±1 OOBt^mTftlllft-r^cfe^lcfil^LfcSSl*, Z(D 

5asife#w-c?i*y-^*<2Ki±-c, aoig^;;ajt<iia 

*< (-3. 5-3. 5) x 1 0-4/ 0 CJilrtir^oT» 
*Lt^t.-Cfe-5„ 1 O 0°CJiiTT-l*y— vifftll-^ib 

A<m^4x-r, in±it!*icfc£,<D-e*i3fiflic»£L < /<c 

[0 0 2 9] 

nmmi unm^7 (.mf&.cr-s. 8%f 8 ) a> 

in0 5mmJJJ:yi|j3mmff)Crfl)ni (JS5SS9 

9. 9%) %mmn&\~-#>T'( jbiccr© 

±l:I»7x7mm2jJJ:yiJO. 8mm«)^i(D 
ffittFef •yT' («S9 9. 9%) ^4^7H>-r'f ><f 

^•(i^m 1 x 1 0 - 7 T o r r 

S^iSmT: 1 00 w 

T;U^>**XJi 1x10~2Torr 

(CORNING #02 1 

1 ) 

5 0 mm 
3 0 A/m i n 
f^SLfc»Ml~/\>y^fflL^TitgO. 0 5mmC 
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